An intercomparison between the Energy Water Balance model (FEST-EWB) and the Two-Source Energy Balance model (TSEB) is performed over a heterogeneous agricultural area. TSEB is a residual model which uses Land Surface Temperature (LST) from remote sensing as a main input parameter so that energy fluxes are computed instantaneously at the time of data acquisition. FEST-EWB is a hydrological model that predicts soil moisture and the surface energy fluxes on a continuous basis. LST is then a modelled variable. Ground and remote sensing data from the Regional Experiments For Land-atmosphere Exchanges (REFLEX) campaign in 2012 in Barrax gave the opportunity to validate and compare spatially distributed energy fluxes. The output of both models matches the ground observations quite well. However, a spatial analysis reveals significant differences between the two approaches for latent and sensible heat fluxes over relatively small fields characterized by high heterogeneity in vegetation cover.
INTRODUCTION
Evapotranspiration (ET) is one of the most important variables in many fields such as hydrology, climatology, forest agronomy and plant physiology, and the partitioning between sensible (H) and latent (LE) heat fluxes is fundamental for the definition of crop water requirements. For irrigation practices, near-real time knowledge on soil water availability at the local and regional scale is of extreme importance in areas characterized by water scarcity.
In the past years a large number of land surface models, often called Soil-Vegetation-Atmosphere Transfer Schemes (SVAT), have been developed. However, approaches with substantial differences are included. Two main categories can be identified.
The first category concerns the so-called residual approaches which use Land Surface Temperature (LST) from remote sensing as their main input parameter. As such, energy fluxes are computed instantaneously at the time of data acquisition. Extrapolation to daily estimates, necessary for operational irrigation practice or proper water management, is generally performed by either the use of the concept of constant evaporative fraction (i.e., LE/(LE + H)) or by using a higher temporal sampling (Chehbouni et al. 2008) . The residual approaches are usually divided in one-source and twosource schemes, depending on the differentiation of the vegetation and bare soil contribution to the energy fluxes or treating them in a lumped manner. The Surface Energy Balance Model (SEBAL; Bastiaanssen et al. 1998) , the Surface Energy Balance System (SEBS; Su 2002) , and the Simplified Surface Energy Balance Index (S-SEBI; Roerink et al. 2000) treat the soil and vegetation contribution in a lumped manner, whereas the Two-Source Energy Balance (TSEB; Norman et al. 1995) is an example of the so-called dual source approach.
The second category of models includes coupled energy water balance schemes that predict soil moisture dynamics and usually river runoff as well as the surface energy fluxes on a continuous basis. Therefore, they are usually more complex and over-parameterized and LST is then a modelled variable instead of an input variable. Examples of these models are the Variable Infiltration Capacity (VIC) (Liang et al. 1994) , the TOPmodel based Land Atmosphere Transfer Scheme (TOPLATS) (Famiglietti and Wood 1994) , the Common Land model (CLM) (Dai et al. 2003) , and the Flash-flood Eventbased Spatially-distributed rainfall-runoff Transformation -Energy Water Balance (FEST-EWB) (Corbari et al. 2011) . These types of model can overcome the limitations related to cloud coverage typical of thermal infrared satellite images and moreover provide continuous estimates of evapotranspiration and also of soil moisture. Of course, some limitations are present in these models linked to the modelling of irrigation, lateral flows and groundwater, which are difficult to parameterize. Another limitation is the need of many hydraulic soil input parameters that are often not easily available at large scales, nor at high spatial resolution, even though they have an important role in the computation of the principal mass and energy fluxes.
Among the models that need remotely sensed LST as an input, a discussion is open in literature between the reliability of one-source or two-source models. In fact, in areas with sparse vegetation, a two-source model shows better performance as compared to a one-source model. However, different authors have found that with a proper calibration even a one-source model can correctly reproduce the energy fluxes (Bastiaanssen et al. 1998 , Kustas et al. 1996 although a local calibration is not always possible (Su et al. 2001 , Kustas et al. 2006 , Cammalleri et al. 2012 . Model suitability generally is a trade-off between easiness in use and data availability on one hand and required accuracy on the other hand.
Distributed hydrological models are usually more complex and overparameterized with respect to remote sensing based SVAT models. This requires an accurate calibration procedure that generally depends on comparison between simulated and observed discharges at the available river crosssections (Famiglietti and Wood 1994 , Brath et al. 2004 , Rabuffetti et al. 2008 . Nowadays, little efforts have been focused on understanding whether remotely sensed LST can be used to calibrate and validate hydrological models parameters (Franks and Beven 1999 , Crow et al. 2003 , Gutmann and Small 2010 .
Both types of models have been extensively validated in different climatic and soil/vegetation conditions against ground and/or remotely sensed data. However, few intercomparisons between energy balance models are made that quantify model reliability in evapotranspiration estimation in areas with heterogeneous vegetation and soil moisture conditions (Gonzalez-Dugo et al. 2009 , Timmermans et al. 2007 , French et al. 2005 or between hydrological models (Wood et al. 1998) . Even less studies have compared these two types of models that both predict energy fluxes (Crow et al. 2005 , most probably due to the rather different methodologies used. The study of Crow et al. (2008) also tried to integrate these two types of models through assimilation of one into the other.
Most of the validation experiments usually demonstrate that these models produce reliable energy fluxes compared to ground measurements, but their accuracy at a regional scale is more difficult to demonstrate. It is therefore difficult to select the most suitable model for energy flux predictions which increases the need for further comparisons between different types of models.
In this paper, energy fluxes from a two-source model based on remotely sensed LST (TSEB) and from a continuous distributed hydrological model based on coupled water and energy balances (FEST-EWB) are compared in a spatial manner to understand their reliability and differences under different soil moisture and vegetation conditions. Both models are also validated against ground observed energy fluxes from eddy covariance stations and a scintillometer.
The area used for this comparison is the agricultural test site of Barrax (Spain) where the so-called Regional Experiments For Land-atmosphere Exchanges (REFLEX) campaign is carried out. In this framework an extensive amount of ground and airborne data have been acquired during the second half of July 2012.
The objective of this paper is to evaluate the reliability of each model and an attempt to understand under which vegetation and soil moisture conditions each model works better, given the relevant differences in the computation schemes.
MODELS DESCRIPTION
The FEST-EWB and TSEB models use different approaches to calculate surface energy fluxes which will be described in details in the following sections. FEST-EWB is a continuous energy and water balance model (Corbari et al. 2011) , while TSEB, as originally formulated (Norman et al. 1995) , is a two-source energy balance model designed for the use with instantaneous remote sensing observations.
FEST-EWB
FEST-EWB is a distributed hydrological energy water balance model (Corbari et al. 2010 (Corbari et al. , 2011 (Corbari et al. , 2013a developed from the FEST-WB model (Mancini 1990 , Rabuffetti et al. 2008 . FEST-EWB computes the main processes of the hydrological cycle: evapotranspiration, infiltration, surface runoff, flow routing, subsurface flow , snow dynamics (Corbari et al. 2009 ). The computation domain is discretized with a mesh of regular square cells in which every parameter is defined or calculated.
The input requirements (Table 1) of the model are comprised of: meteorological variables, distributed soil and vegetation parameters, a Digital Elevation Model (DEM), a Landuse/landcover map. The core of the model is the system between the water and energy balance equations (Eqs. 1 and 2 below) which are linked through evapotranspiration. In short, the energy balance is solved by looking for a Representative Equilibrium Temperature (RET), that is, the land surface temperature that closes the energy balance equation. This equilibrium surface temperature, which is an internal model variable, is comparable to the land surface temperature as retrieved from remote sensing data.
The soil moisture evolution for a given cell at position i,j is described by the energy and water balance equations:
, In particular, ET is linked to the latent heat flux through the latent heat of vaporization (O) and the water density (U w ):
The latent heat flux, as reported in Corbari et al. (2011) Jarvis (1976) , while the soil resistance (r soil ) follows Sun (1982) . The aerodynamic resistance (r a for vegetation and r abs for bare soil) is computed using the model from Thom (1975) .
The sensible heat flux is computed as
where T a is the air temperature [K] . The net radiation is computed as the algebraic sum of the incoming and outgoing short wave and long wave radiation: (McCumber and Pielke 1981) .
All the terms of the energy balance depend on RET, so the energy balance equation can be solved by looking for the thermodynamic equilibrium temperature that closes the equation. A Newton-Raphson scheme is used to solve this iteration process.
FEST-EWB was previously validated against energy and mass exchange measurements acquired by an eddy covariance station (Corbari et al. 2011) and also against ground and remote sensing information at agricultural district scale (Corbari et al. 2010 ).
The Two-Source Energy Balance (TSEB)
The Two-Source Energy Balance (TSEB), model of Norman et al. (1995) and Kustas and Norman (1999) has shown good performances for a wide range of arid and partially-vegetated landscapes (Timmermans et al. 2007 , Gonzalez-Dugo 2009 ). Under such circumstances, a dual source model that distinguishes between the soil and vegetation contribution to the turbulent fluxes has clear and well-known advantages over simpler single-source models that treat these contributions in a lumped manner (Huntingford et al. 1995 , Kustas et al. 1996 . In the current contribution, the so-called series parameterization version of TSEB (Norman et al. 1995 ) is followed, allowing the interaction between soil and canopy. The input requirements of the model are summarized in Table 1 .
The model assumes that the surface radiometric temperature (T RAD ) is a combination of soil (T S ) and canopy (T C ) temperatures, weighted by the vegetation fraction:
where f v is affected by the sensor viewing angle (I). The surface energybalance equation can be formulated for the whole soil-canopy-atmosphere system, or for the soil and canopy components separately:
Rn LE H 
The original formulations for Rn , Rn c , Rn s , and G can be found in Norman et al. (1995) and Kustas and Norman (1999) . Since the radiation formulation follows the so-called "layer-approach" (Lhomme and Chehbouni 1999) , a simple summation of the soil and canopy components yields the total flux
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The model is developed originally for uniformly distributed crops. In the case of clumped canopies with partial vegetation cover, such as vineyards and orchards, the parameterizations are corrected by the so-called clumping factor (Anderson et al. 2005) . This factor corrects for the reduction in the extinction of the radiation in a clumped canopy as compared to a uniformly distributed one. The soil heat flux is then estimated as a time-dependent function of the net radiation reaching the soil, following:
where c g is slightly variable with time. Details on the original determination can be found in Kustas et al. (1998) . However, here it is calibrated versus local observations using the measurements from the test sites (see Section 4.1.2). Within the series resistance scheme, the sensible heat fluxes H c , H s , and H are expressed as
where T AC is the air temperature in the canopy air space [K] , r x is the resistance to heat flow of the vegetation leaf boundary layer [s m -1 ], r s is the resistance to the heat flow in the boundary layer above the soil [s m -1 ], whereas r a is the aerodynamic resistance calculated from the stability corrected temperature profile equations (Brutsaert 1982) , using MoninObukhov Similarity Theory (MOST). The exact procedures to calculate r x , r s , and r a are described in detail by Norman et al. (1995) .
The canopy latent heat flux is derived using as an initial assumption a potential canopy transpiration, following the Priestley-Taylor equation:
where Į PT is the Priestley-Taylor coefficient (usually taken as 1.26), f g is the green vegetation fraction, and ǻ is the slope of the saturation vapor pressure versus temperature. If the vegetation is stressed, the Priestley-Taylor approximation overestimates the transpiration of the canopy and negative values of LE S are computed. This improbable condensation over the soil during the daytime indicates the existence of vegetation water stress and it is solved by iteratively reducing Į PT and assuming LE S equal to zero.
STUDY SITE
The study area is the agricultural area of Barrax in the centre of Spain (39°3c N, 2°6c W, 700 m a.s.l.) characterized by an alternation of irrigated and dry cultivated area, containing crops such as corn, barley, sunflower, alfalfa, and onions (Fig. 1) . The climate is typically Mediterranean with vernal and autumnal rainfall, with an annual average of 400 mm, making it one of the driest areas in Europe. Between 16 to 28 July 2012, the Regional Experiments For Landatmosphere Exchanges (REFLEX) 2012 campaign has been carried out, where remote sensing and ground measurements used in this study have been collected (Timmermans et al. 2014) . Hyper-spectral and thermal airborne images have been acquired during two days where for the entire period three eddy covariance towers and a large aperture scintillometer (LAS) have been installed. In selected points also some biophysical measurements have been carried out over different land-cover units comprising of Fractional Vegetation Cover (FVC), Leaf Area Index (LAI), Photosynthetically Active Radiation (PAR), and soil moisture (SM).
During the campaign, a large part of the crops were already harvested with the exception of maize, vineyard, sunflower, orchards, and forest nursery (see Fig. 1 ).
Ground data
Three micrometeorological towers and LAS sampled water and energy fluxes during the field campaign over different crop types. The first station (EC1) was located in a camelina field, the second one (EC2) in a small vineyard, and the third (EC3) in a forest nursery. The LAS was installed in a wheat-stubble field . Latent, sensible and soil heat fluxes were sampled in all fields, whereas net radiation was only recorded in EC1 and EC2. Station EC3 was also equipped with an infrared thermometer for determining outgoing longwave radiation. All meteorological data re-quired by the models (incoming solar radiation, air temperature, air humidity, wind speed) were acquired by the stations. Soil moisture and soil temperature observations, which are needed also for post-processing the soil heat fluxes (van der Tol 2012), were obtained at the camelina site (EC1) as well.
Raw data from the EC towers have been corrected following the procedures well assessed in literature (Foken 2008) . The EC1 and EC2 data have been analyzed with the Alteddy software (Alterra, WUR, Netherlands, http://www.climatexchange.nl/projects/alteddy/) whereas the EC3 data with the PEC software due to the availability of only thirty minutes average data. Corbari et al. (2014) compared corrected fluxes from high frequency and from 30 min average data in a maize field showing that low errors can be obtained with mean absolute daily difference equal to 6.1 W m -2 for H and 13.2 W m -2 for LE. The obtained fluxes observed by the four stations at the airborne overpass times are reported in Table 2 . As wellknown from the literature, there is a general lack of energy balance closure in EC measurements (Foken 2008 , Twine et al. 2000 , Wilson et al. 2002 although a reasonable small closure gap is obtained for EC1 and EC3. A poor behavior is obtained for EC2 in the vineyard field. This seems to be linked to the net radiation which, especially during daytime, becomes consistently higher than the sum of the other components of the energy balance equation. This is due to the fact that the field of view of the net radiometer is dominated by canopy, resulting in a lower albedo and thus higher net radiation then when seen from the altitude of the airborne sensors. The ratio G 0 /Rn is quite high over these fields, in the range of 46 to 60% in respect to literature values (Su 2002 , Choudhury et al. 1987 . This might have been caused by very low winds, which indeed are occurring near the surface, especially over these fields. This is also noted in Su et al. (2008) , who report similar rates for soil heat fluxes in the corridors between the vine stands in the same area in the same season, which were even not yet corrected for storage in the upper soil layer. Soil heat flux has also been shown to be a significant component in sparse vegetation , and in semiarid or arid regions G was found to account for up to 40% of Rn, which could be equal to or higher than LE (Verhoef et al. 1996) . The soil heat flux measurements at the individual sites were taken at depths of a few centimeters and needed to be corrected for storage in the soil layer above the sensors. Over the vineyard, one measurement was taken below the vine stand and another one in between the stands, so as to obtain representative observations for this particular site. Soil moisture and soil temperature observations were taken at different depths for the postprocessing of the soil heat fluxes following the methodology described in van der Tol (2012). Unfortunately, these additional measurements were not taken at all four sites. However, following de Vries (1963) the soil heat flux may be described by: . The corrections made at the camelina site were used in combination with Eq. 13 to derive D and the time delay of the temperature wave between 2 different depths. Assuming that soil properties in the area were homogeneous, these were then used to correct soil heat flux measurements taken at the other sites. A detailed discussion of the turbulent flux observations is provided in van der , which includes a discussion of the well-known closure problem.
Large aperture scintillometers provide a measurement of the structure parameter for the refractive index, C N 2 [m -2/3 ], derived from the intensity fluctuations of an optical beam between a transmitter and a receiver. The structure parameter for the refractive index can be linked to the structure parameter for temperature,
], which, in turn, through the use of MOST and the temperature scale, T [K], can be used to derive the sensible heat flux, H. The physical background of measurements of this type is provided in Chehbouni et al. (2000) , Lagouarde et al. (2002) , Wang et al. (1978) , whereas the method described in Timmermans et al. (2009) is used to extract the proper footprint area of the LAS observation.
The so-called source, or footprint, area of the LAS and EC towers are then computed to compare simulated and observed turbulent fluxes. The footprint of the eddy covariance towers and LAS originated from a south eastern wind. Details of all the micro-meteorological observations are provided in .
However, in most of the cases the intensity of the wind was not enough to cause contribution of other land use covers to the energy fluxes measurements. In the vineyard, however, the observation was influenced by the dry wheat-stubble during the time of plane overpass. For the validation of the modelled energy fluxes, a weighted integration of the pixels inside the footprint is computed in order to compare these values with the ground measurements ). In Fig. 1 the spatial extent of the footprint areas for the analyzed moment of airplane overpass is shown.
Airborne data
During the campaign, 2 daytime and 1 nighttime flights of the CASA 212-200 N/S 270 "Paternina" airplane of INTA have been performed with the Airborne Hyperspectral Scanner (AHS) and Compact Airborne Imaging Spectrometer (CASI) sensors on board. The AHS sensor covers the thermal infrared part of the electromagnetic spectrum which is fundamental for estimating energy fluxes. A total of 13 daytime and 5 nighttime images are available at a spatial resolution of 4 m (Table 3) . More details on these observations are provided in . Land surface temperature values are obtained with the Temperature and Emissivity Separation method (TES) described in Gillespie et al. (1998) and applied to AHS data following Sobrino et al. (2008) . The entire dataset was used for FEST-EWB model calibration, whereas the TSEB and FEST-EWB validation is performed for the image acquired on 25 July at 9:28 UTC.
Additional remote sensing based input, required, such as albedo, NDVI, LAI, and f v was computed following Timmermans et al. (2011) and Richter and Timmermans (2009) .
RESULTS
The results focus on the comparison between model output of FEST-EWB and TSEB for 25 July at 9:28 UTC. Simulated energy fluxes for both models are validated versus ground observations of these fluxes over different landcover types. Use is made of the data collected in the 4 aforementioned observation sites. Furthermore, a spatial intercomparison of the two models is made, in order to investigate also model output not covered by any one of the four validation sites.
For the evaluation of the models, different statistics are utilized: the mean difference (MD), the mean absolute difference (MAD), the mean absolute error (MAE), the root mean square difference (RMSD), the mean value (MA), and its standard deviation (SD): 1 
MA
,
where X i and Y i are the ith observed or measured variable, and n is the sample size.
Models calibration

FEST-EWB calibration
FEST-EWB is run in a continuous mode at a temporal resolution of 10 min and at the spatial resolution of 4 m. The configuration is simplified without computing surface and subsurface discharges and without snow dynamics which are considered not relevant for the area of interest. The initial conditions of the model are derived from distributed soil moisture measurements made during the field campaign in the different fields. The simulation time is from 24 to 26 July, as such using the entire dataset of AHS images.
The calibration procedure is based on a pixel-to-pixel modification of the soil and vegetation parameters (Table 1 ) used as input in the model through the minimization of the differences between the model internal state variable RET and the remotely observed LST. This innovative methodology is based on remote sensing images of land surface temperature and provides the opportunity to calibrate and validate the distributed hydrological model in each pixel of the domain when ground data of evapotranspiration or discharge are not available. Moreover, with this methodology there is a possibility to calibrate model's internal state variables (e.g., land surface temperature) in addition to the traditional external fluxes (e.g., discharge) to obtain better understanding of hydrologic process and model analysis at pixel scale (Dooge 1986) . In fact, a traditional calibration (as typically done in classical hydrological models) is based only on ground discharge data in few rivers sections. Such an approach lumps all the hydrological processes together so that the correct spatial determination of mass and energy fluxes is more difficult. Instead, when a pixel by pixel calibration is performed, a better spatial distribution should be achieved. and demonstrated the reliability of this procedure for two different case studies in Italy and China.
Soil parameters have been defined starting from the soil type of the area taken from the Harmonized World Soil Database (FAO / IIASA / ISRIC / ISSCAS / JRC 2009). The parameter values are modified paying attention that their values remain within their physical ranges (Rawls and Brakensiek 1985) .
In Table 3 the difference statistics between LST from AHS and RET for the different available flights are shown. FEST-EWB before calibration generally overestimates observed values, while after the calibration a reasonable agreement is reached with RMSD that goes from 4.6 to 2.1 °C.
TSEB calibration
The TSEB model does not require any calibration, since it is entirely physically based. A minor exception is made in the current contribution, however. The constant used in Eq. 14 that describes the ratio between soil heat flux and net radiation reaching the soil is calibrated using local observations. For the time of overpass, the adjusted coefficient, c g , equals 0.48 (-) instead of the original value of 0.35 (-) (Andreu et al. 2015) . This higher value reflects the arid conditions in the area under study, where typically a large part of the radiation is used for heating up the soil surface. The effect of the calibration of this c g factor has an average increasing effect of 33 W m -2 on G 0 (28 W m -2 for forest nursery, 36 W m -2 for wheat, 30 W m -2 for camelina, and 38 W m -2 for vineyard) and a similar decreasing effect, mainly on H (due to the fact that LE is generally low in the area).
Models intercomparison
Point validation
The comparison between modelled energy fluxes by both models with measured values yields a general good agreement, as shown in Fig. 2 . Statistical comparison between modelled and measured fluxes is then shown in Table 4 in terms of MAD and MAE. In general, according to Fig. 2 a good agreement is found between all observed and modelled energy fluxes in EC1. The EC3 results are still in a reasonable agreement with observations, except for G. Instead, a larger residual is found in Vineyard EC2 site (~185 W m -2 ), probably related to net radiometer positioning, but also due to turbulent source area which sometimes is bigger than the vineyard field.
The observed and modelled net radiation estimates are in a similar agreement for both models with MAD between 10 and 67 W m -2 , except for the vineyard stations where MAD reaches 140 W m -2 . This is attributed to the net radiometer positioning, as mentioned above.
Soil heat fluxes present large discrepancies between observed and modelled values by both models, in particular in the reforestation and in the wheat stubble fields with MAD reaching values of 146 W m -2 . However, observations of G are very local and can vary a lot over just few meters, especially over sparsely and heterogeneously vegetated areas . In the light of this high spatial variation of soil heat flux, the number of soil heat flux observations was rather limited. Most probably, they were insufficient to cover the full range of spatial variation at several observation sites. This holds especially true for the soil heat flux observations made at the wheat stubble field and the reforestation area. Typically at these sites the soil heat flux plates had to be buried at locations characterized by a low canopy cover. As such, the observations made at these sites are most probably higher than the representative site average. Turbulent fluxes are generally well reproduced by both models. The modelled values are weighted according to the stations footprint estimates in order to be comparable to measured fluxes (as described in Section 3.1).
The MAD for sensible heat flux in the four stations from FEST-EWB is between some 10 and 60 W m and 41%, respectively. This discrepancy is attributed to the different nature of the models. TSEB is a two-source model which works better for high and partially vegetated area, such as is the case in the vineyard field. FEST-EWB is based on an equilibrium temperature and, despite FEST-EWB differentiates between soil and vegetation resistances, a single representative equilibrium temperature is computed. This result over the vineyard confirms previous findings by Kustas and Norman (1999) , Timmermans et al. (2007) , Crow et al. (2005) , although the sparsely vegetated forest nursery shows similar results for both models. However, the vegetation cover is so low over this site that the vegetation contribution to the fluxes is almost negligible.
Nevertheless, with the notable exception of part of the deviating Rn and G observations, the overall model performances are rather good. RMSD values are comparable or better than those obtained in previous validation studies (French et al. 2005 , Timmermans et al. 2007 , Cammalleri et al. 2012 .
Distributed validation
To understand the reliability and variability of the two models estimates, spatially distributed analyses are performed, which are even more important in extremely heterogeneous area such as Barrax site where high differences in magnitude of latent and sensible heat fluxes are present. Despite the good agreement at the flux towers, which are typically positioned at larger fields comprising of a uniform cover, spatial intercomparison of the FEST-EWB and TSEB models (Fig. 3 ) reveals significant discrepancies. An exception is made for the net radiation estimates, which show a rather similar behavior for both models (see Fig. 3 and Table 5 ). Relative to FEST-EWB model, TSEB yields smaller (larger) average estimates of LE and H (G) while predicting a similar spatial variation in all fluxes (Table 5 ). These results are also supported by the frequency diagrams of each flux from the two models (Fig. 4) which highlight a significant heterogeneity in the fluxes due to the high thermodynamic heterogeneity of the Barrax area.
These plots show that Rn from FEST-EWB and TSEB have the same shape as well as the same mean and standard deviation values, while for G the mean for TSEB is some 50 W m -2 lower than for FEST-EWB despite having a similar standard deviation. The turbulent fluxes histograms have a quasi-bimodal distribution for both models due to the distinction between irrigated crops and bare soil or harvest crops. Moreover, the latent heat flux histogram shows a higher tail-end, ranging from 300 to 700 W m -2 . These are due to the presence of small fields with crops at different growth stages and with different soil moisture conditions. Spatial variability in flux predictions is driven largely by differences in landcover types with different vegetation fraction and different irrigation practice. To demonstrate how these two fundamentally different models treat these different landcover types and different spatial variation, different statistics are computed for each landcover (Fig. 5) .
These analyses confirm the agreement between the two models for net radiation with absolute mean difference less than 30 W m -2 , but also the generally high discrepancies in soil heat flux estimates. As also commented in Section 4.2.1, G is a difficult variable to assess its reliability; moreover, the models have a very different algorithm for its computation. TSEB computed and calibrated G using the ratio with Rn reaching the soil (Eq. 14), while the G estimation in FEST-EWB is based on the heat conduction equation (Eq. 7).
For almost all landcover types, with the main exception of the wellirrigated grassland, TSEB shows larger values for G. This may be attributed to the local calibration performed in TSEB with respect to G estimates. The value of c g in Eq. 14 was increased by some 40% with respect to the original formulation of TSEB due to this calibration. At average values of G between 130 and 140 W m -2 this explains a large part of the observed difference with FEST-EWB.
The turbulent fluxes behavior is discordant between the different landcovers. The bare soil, camelina, stubble, and harvest fields are characterized by a uniform coverage and extremely high land surface temperature, and a reasonable agreement between the two models in terms of H and also of LE is reached. In the reforestation field a general agreement on all fluxes is noted.
Relatively high differences in latent and sensible heat fluxes between the models are noted in the vineyard field, as can be explained from the dual source character of TSEB. FEST-EWB provides lower estimates of G and LE and especially of H with respect to TSEB (Fig. 5) in this landcover type. This is also the reason why TSEB shows higher values for H over the orchard, which is a landcover type that is typically represented better by a twosource approach.
The grass, sunflower, crops and maize fields are irrigated crops with low land surface temperature values which cause high evapotranspiration fluxes. Relatively high MAD values, between 38 and 80 W m -2 , are obtained for G, LE and H, where FEST-EWB shows higher estimates of latent and sensible heat fluxes than TSEB which in turn shows higher values for the ground heat flux.
A rather striking difference is seen in recently irrigated fields that are irrigated by rotating pivot systems. Recently irrigated land, for example noted in the large sunflower field in the north of the area, shows a drastically lower LST resulting in a lower H for TSEB as compared to that part of the field that is not yet irrigated. Since LST is not an input to FEST, this withinfield difference does not appear in the FEST-EWB results. This indicates that the thermo-dynamic variation is reflected better in the TSEB approach.
Therefore, within-field variation of the evaporative fraction is noted more clearly in the TSEB output. The FEST-EWB model computes, in addition to the energy budget, also the water balance, for which the irrigation amount is an important input. As mentioned above, some fields are irrigated with a rotating pivot. For FEST-EWB this means that knowing its exact position during the airborne overpasses is almost a must.
DISCUSSION AND CONCLUSIONS
An intercomparison between the Energy Water Balance model (FEST-EWB) and Two-Source Energy Balance model (TSEB) has been performed over an extremely heterogeneous agricultural area with respect crop fraction and soil moisture conditions. Both models performed well against energy fluxes measured at the eddy covariance stations and at the large aperture scintillometer. However, when a spatial analysis is performed, significant differences between the two approaches are highlighted, showing an agreement between the two for net radiation with absolute mean difference less than 30 W m -2 , but also high discrepancies in soil heat flux estimates. Latent and sensible heat fluxes have discordant behavior for the different landcovers with reasonable agreement over uniform coverage area while high differences over sparse landcover and irrigated fields. In general, model outputs were comparable over large and homogeneous fields whereas discrepancies were mainly noted over relatively small and sparsely vegetated heterogeneous areas.
Models, like TSEB, that use LST from remote sensing as an input parameter may provide generally accurate instantaneous estimates in particular of H, although a certain sensitivity related to LST accuracy should be considered. Instead, hydrological models, like FEST-EWB, provide continuous estimates of soil moisture dynamic and energy fluxes overcoming the limitations related to temporal integration, typical of flux estimates based solely on remote sensing input, and cloud coverage, typical of satellite images. Therefore, they are usually more complex and over-parameterized so that a precise calibration is always needed in contrast to a model using remote sensing input only. Another disadvantage is the need of the timing and volume of irrigation that are not always easy to obtain.
Despite the completely different approaches of the two models, a rather well spatial agreement is noted for most of the landcover types, especially over larger fields with a uniform vegetation cover. Small-scale variations in turbulent flux exchange are better reflected in the remote sensing-based TSEB model. This highlights the idea that instantaneous sensible heat flux estimates of TSEB could be assimilated to update the state of a continuous distributed hydrological model in order to obtain a robust tool for water resources management.
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